3rd ESTRO Forum 2015 among these dose points were calculated. Statistical correlation between the nine FP and TP dose points were studied by using correlation coefficient (r). We compared the strength of correlation obtained using different geometry and iterations. The goodness of mimicking function was evaluated in terms of DVHs similarity: minimum euclidean distances between the FP versus TP DVHs curves were calculated. For every ROI we obtained an index that is the average minimum distance of sample points of the curve. The total DVH index of the plan is the sum of single ROI indices.
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Combined influence of CT noise and HU-RSP conversion curve discontinuities on proton range systematic errors S. Purpose/Objective : To demonstrate that the structure of the HU to relative stopping power (RSP) conversion curve (the number of linear segments and their relative slope) contributes to an increase of the proton range systematic error in presence of a zero-mean Gaussian CT noise. To our knowledge this effect has never been highlighted before although it has a potential impact in the precision of proton therapy plans. Materials and Methods: The RSP bias and uncertainty profiles as a function of the CT number and the noise standard deviation have first been analytically derived for the case of a calibration curve composed of an arbitrary number of linear segments. This has led to the definition of an effective conversion curve given by the mathematical expectation of the RSP which better describes the effect of noise on its statistics. The equations of the CSDA range bias and uncertainty have then been obtained from the RSP probability density function for a phantom either homogeneous or composed of a finite number of well separated materials. The main idea behind the latter case is to evaluate to which extend the range systematic error is still significant when different materials along the proton path have potentially compensating effects. These theoretical results have been validated against CSDA simulations of a 1D homogeneous volume for different materials, noise standard deviation, proton energy and computational grid size. Supplementary Monte-Carlo (MC) simulations have also been performed with 3D volumes.
Results:
The results for two typical conversion models with different slopes in their positive HU segment are presented here. The figure below shows the evolution with HU noise (1% being 10 HU of standard deviation) of the analytical range bias and uncertainty for 160 MeV protons and three materials: water, adipose AP6 and inner bone IB1. The material with the highest bias, i.e. water, is the one with the closest HU distance to the slope discontinuity. Its bias is about 0.5 mm at 4%, i.e. in the upper limit of random noise levels for CT. It reaches 1 mm at 6%, a typical conebeam CT noise level. The systematic error decreases with the relative distance to the discontinuity and increases with the slope difference. The range uncertainty increases quadratically with the slope. CSDA and MC simulations have shown to have very close behaviors and amplitudes even for much complex conversion curves composed of more linear segments.
Conclusions: Both analytical and simulated results prove that the RSP and therefore the range have statistics which strongly depend on the shape of the HU-RSP conversion curve. The effect on range has been evaluated in terms of bias and uncertainty which have been shown not to be negligible with a typical bias of 0.5 mm.
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Fast CPU-based Monte Carlo simulation for radiotherapy dose calculation P. Ziegenhein 1 , S. Pirner 1 , U. Oelfke
